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PROBE FOR FASTENER IDENTIFICATION 
AND ULTRASONIC LOAD MEASUREMENT 



Background of the Invention 

The present invention relates to the 
5 identification of fasteners with bar codes and the 

measurement of load in fasteners using ultrasonic load 
measurement methods . 

Techniques have been developed for performing 
direct load measurements in fasteners utilizing ultrasonic 

10 transducers which are removably, or preferably permanently 
attached to the fasteners. Examples of such techniques 
can be found, for example, inU.S, Patent No. 6,990,866 
(Kibblewhite) ; U.S. Patent No. 6,009,380 (Vecchio et al.); 
U.S. Patent No. 5,220,839 (Kibblewhite); U.S. Patent No- 

15 5,018,988 (Kibblewhite etal.); U.S. Patent No. 4,899,591 

(Kibblewhite); and U.S. Patent No. 4,846,001 (Kibblewhite), 
each of which is incorporated by reference as if fully set 
forth herein. It has been found that such techniques make 
it possible to directly control the installation load of 

20 various different types of fasteners using all types of 
assembly tools, including impact and impulse tools. 

The above-referenced U.S. Patent No. 6,990,866 
discloses a load indicating member with a permanent 
identifying mark which can be read and used to determine 

25 ultrasonic measurement parameters specific to the load 
indicating member. This provides more precise and more 
reliable load measurements by compensating for differences 
resulting from manufacturing variations in individual load 
indicating members. 

30 In one disclosed embodiment, a load indicating 

member has an ultrasonic transducer permanently mechanically, 
electrically and acoustically attached to one end of the 
load indicating member such that the load indicating member 
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functions as a first electrode. The ultrasonic transducer 
comprises a piezoelectric element, adjacent to the end 
surface of the load indicating member, and an electrically 
conductive layer adjacent to the piezoelectric element 
5 functions as a second electrode. A high-density, 

two-dimensional, optically-read bar code is permanently 
marked on the surface of the electrode. In another 
disclosed embodiment, the bar code is used to store all of 
the ultrasonic parameters specific to that load indicating 

10 member which are required to make precise, reliable load 
measurements. In another disclosed embodiment, the bar 
code stores a unique identification of the load indicating 
member, which is used to retrieve from a database the 
ultrasonic parameters specific to that load indicating 

15 member which are required to make precise, reliable load 
measurements . 

Also disclosed is a method of measuring the load 
in a load indicating member which includes the steps of 
reading the bar code with an optical reader, determining 

20 the ultrasonic measurement parameters, making pulse-echo 

time-of- flight ultrasonic wave measurements, and calculating 
the precise load. 

In certain situations, however, it is not possible 
to read the bar code with a conventional bar code reader . 

25 One example of such a situation occurs after a fastener is 

installed, and other components of the assembly restrict the 
access of the bar code reader. Another example is during 
the installation of the fastener, when it is desirable to 
identify the bolt immediately prior to tightening with an 

30 assembly tool. In this situation, it is desirable to 

identify and tighten the fastener in a single operation 
to minimize fastener installation time and to eliminate 
operator errors. For example, such operator errors 
can occur in multiple bolt joints when one fastener is 
35 identified and then a different fastener is tightened. 
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Summary of the Invention 



A primary objective of the present invention is to 
provide a system for both reading an optical identification 
mark, such as a bar code, on a fastener and making ultrasonic 
5 load measurements in the fastener using a single probe for 
use during fastener installation with assembly tools and for 
inspection of load in preinstalled fasteners. 

In accordance with the present invention, this 
objective is accomplished with a probe comprising both a 

10 fiber optic imaging cable and at least one electrical 
conductor. The fiber optic imaging cable is optically 
coupled to an imaging device such as a bar code reader 
allowing the bar code reader to be located remote from the 
fastener. The electrical conductor provides the electrical 

15 connection from the ultrasonic transducer on the fastener to 
the load measurement instrumentation. Preferably, the probe 
is of small diameter, flexible and is further capable of 
providing illumination of the bar code to facilitate reading 
of the bar code. 

20 In a preferred embodiment of the present invention 

the end of the probe adjacent to the transducer includes a 
light emitting diode (LED) as a light source for illuminating 
the bar code. In an alternative preferred embodiment, the 
illumination source is remotely located and the light from 

25 the illumination source is directed to the bar code using 
the illumination fibers of a fiber optic cable. 

The foregoing improvements are further described 
with reference to the detailed description which is provided 
hereafter, in conjunction with the following drawings. 

30 Brief Description of the Drawings 



In the. drawings, wherein like reference numerals 
refer to like elements throughout: 

FIG 1 is a partial cross-section of a hand held 
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powered assembly tool such as an impact wrench having a 
probe of the present invention; 

FIG 2 is a detailed cross-section of the drive 
end of the probe of FIG 1 ; 
5 FIG 3 is a detailed cross-section of the drive 

end of a probe with two electrical conductors; 

FIG 4 is a partial cross-section of a hand held 
powered assembly tool such as an impact wrench having a 
probe of the present invention with illumination fibers 
10 and a remote light source; 

FIG 5 is an electrical drive circuit with LED's 
in series with the transducer for use in a single conductor 
probe ; 

FIG 6 is an electrical drive circuit with LED's 
15 in series with the transducer for use in a single conductor 
probe with an electrical connection to the tool drive; 

FIG 7 is an electrical drive circuit with LED's in 
series with the transducer for use in a two conductor probe; 

FIG 8 is an electrical drive circuit with LED's in 
20 parallel with the transducer for use in a single conductor 
probe with an electrical connection to the tool drive; 

FIG 9 is an electrical drive circuit with LED's in 
parallel with the transducer for use in a two conductor 
probe ; 

25 FIG 1 0 is an electrical drive circuit with LED's 

in series with the transducer for use in a two conductor 
probe without an electrically conducting tool return path; 

FIG 11 is an electrical drive circuit with LED's 
in parallel with the transducer for use in a two conductor 
30 probe without an electrically conducting tool return path; 

FIG 1 2 is a cross-section of an inspection probe 
incorporating the probe of the present invention; 

FIG 13 is a partial cross-section of an assembly 
tool with a right angle gear head incorporating the probe 
35 of the present invention; and 

FIG 14 is a partial cross-section of an assembly 
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tool with an offset gearbox incorporating the probe of the 
present invention. 

Description of Preferred Embodiments 

FIG 1 shows a preferred embodiment of the present 
5 invention for fastener installation. An assembly tool 3 
has been modified to incorporate a probe 8 of the present 
invention. Probe 8 operates to identify fastener 1 by 
optically coupling the image of a bar code on electrode 
surface 4 of ultrasonic transducer 2 attached to fastener 1 
10 to bar code reader 6. Probe 8 further provides an electrical 
connection from electrode surface 4 of ultrasonic transducer 
2 to electronic control 7 for making measurements of load in 
identified fastener 1. On/off control 10 is electrically 
connected to electronic control 7 and is used to turn off 
15 assembly tool 3 when the desired load has been achieved in 
identified fastener 1 . 

The fastener 1 of the preferred embodiment of 
the present invention is preferably a load indicating 
fastener with a permanent ultrasonic transducer 2, such 
20 as is described, for example, in the above- referenced U.S. 

Patents No. 6,990,866; No. 5,220,839; No. 4,899,591; and No. 
4,846,001- However, if desired, fastener 1 can also be a 
convention fastener with a removable ultrasonic transducer 
suitably applied to the fastener. Although the fastener 1 
25 selected for illustration in the drawings is a threaded 
bolt, it is to be understood that any of a variety of 
different types of fasteners can be used in accordance with 
the present invention, other than the fastener 1 which has 
been shown for illustrative purposes. 
30 In the above-described preferred embodiment, probe 

8, shown in greater detail in FIG 2, includes a fiber optic 
imaging cable 20 and an electrical conductor 21 . Fiber 
optic imaging cable 20 is of the type used in instruments 
such as bore scopes and endoscopes and has lens 22 attached 
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to the end adjacent to transducer 2 in order to focus the 
image of the bar code on electrode surface 4. Fiber optic 
cables suitable for such remote imaging are typically less 
than 2 mm in diameter. In the preferred embodiment, 
electrical conductor 21 is a metallic tube in which fiber 
optic imaging cable 20 is coaxially located. Electrical 
connection to electrode surface 4 of transducer 2 is 
provided by one or more outwardly biased spring pins 25 
mounted such that they do not interfere with the reading of 
the bar code. In the preferred embodiment, three pins on. a 
diameter slightly larger than the maximum diameter of the 
bar code are used. The return electrical path in this 
embodiment is provided from a surface of fastener 1 , acting 
as a transducer electrode, through the socket and tool 
drive. Electrical coupling from the fastener to the tool 
drive can alternatively or additionally be provided by 
placing a spring contact 1 3 between the tool drive 1 1 or 
socket 1 2 and fastener 1 . 

The above-described return path can alternatively 
be provided by a second electrical conductor 26 in probe 8, 
as shown in FIG 3. Preferably, second conductor 26 is 
coaxial with first electrical conductor 21 and has an 
electrical insulator isolating it from first conductor 21 . 
The insulator is constructed of material and thickness 
appropriate to provide electrical impedance matching that 
of the connecting cable. 

In order to provide a readable optical image of 
the bar code on electrode surface 4 for identification of 
fastener 1 , it is necessary to further provide a source of 
illumination. In the above-described preferred embodiment, 
the illumination source is provided by an array of light 
emitting diodes (LED's) 27 mounted on circuit board 24 in 
such a way as to illuminate the bar code on electrode 
surface 4 of ultrasonic transducer 2, as shown in FIG's 
2 and 3. Preferably, the light is provided indirectly 
to eliminate direct reflections of the LED's from the 
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reflective electrode surface 4, which could degrade the 
quality of the image. In the preferred embodiment shown in 
FIG 2, the light from LED's 27 is first reflected by conical 
reflector 23 to outer cylindrical, surface 28, where it is 
5 then reflected to electrode surface 4. Alternatively, the 
light from the illumination source could be directed to 
electrode surface 4 using a lens. 

In yet another embodiment, shown diagrammatically 
in FIG 4, the illumination for the optical image is provided 

10 from a remote light source 30 though additional illumination 
fibers in fiber optic imaging cable 20. This method is 
known in the art and is commonly used with bore scopes 
and endoscopes. The light from the illumination fibers 
can be reflected or focused, as required, as with the 

15 above-described LED illumination. 

A number of different electrical circuits can be 
used to drive the LED illumination of the above-described 
embodiments. Preferably, the LED electrical drive circuit 
provides adequate illumination, minimizes the number of 

20 electrical conductors and connections and can be implemented 
so as to avoid any adverse effect on the ultrasonic 
pulse-echo signals used for ultrasonic pulse-echo load 
measurements. 

FIG 5 shows a preferred electrical circuit used 

25 with the single electrical conductor embodiment described 
above and shown in FIG's 1 and 2. Forward connected LED ' s 
41, 42, 43 and reverse connected LED's 44, 45, 46, all 
connected in parallel, are in turn connected in series with 
electrical conductor 21 , used for the pulse-echo electrical 

30 drive, and transducer 2. AC excitation, similar to that 
used for transducer excitation, alternately drives the 
forward and reverse connected LED"s providing the 
illumination source. Capacitor 47 assists in coupling 
of the ultrasonic pulse-echo signals, minimizing the 

35 effect of the LED's on the pulse-echo load measurement. 

An alternative drive circuit, shown in FIG 6, 
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includes a conductor cable matching resistor 48 at the end 
of probe 8 adjacent to ultrasonic transducer 2. The circuit 
provides a more efficient drive for the LED*s and is more 
desirable for high frequency ultrasonic load measurements 
5 since it provides improved cable termination. It does, 
however, require an additional ground connection from 
probe 8 to tool drive shaft 11 or fastener 1, shown in 
FIG 2. An alternative circuit, shown in FIG 7, uses the 
above -described two-conductor probe, shown in FIG 3, but 

10 eliminates the additional connection from probe 8 to tool 
drive shaft 1 1 or fastener 1 - 

Further examples of electrical drive circuits 
which provide both drive for the illumination source and 
transducer excitation are shown in FIG's 8 and 9. Both 

15 circuits are similar to those described above except that 
the LED's are connected in parallel with the transducer 
instead of in series. 

fig's 10 and 11 show additional exeunples of 
electrical drive circuits which use the two-conductor probe 

20 of the embodiment shown in FIG 3 as the return for both the 
LED's and the transducer, eliminating the requirement for 
an electrically conductive path through the tool. 

In the above-described embodiments, 6 LED's are 
shown by way of example. It will be appreciated by one 

25 skilled in the art that any number of LED's can be used 

providing they can be mounted on the end of probe 8. Also, 
the LED's can be alternatively configured for DC operation. 
It will be further appreciated by one skilled in the art 
that a light source other than LED's can also be used, if 

30 desired. 

In the above-described embodiments, probe 8 
is fixed so as not to rotate relative to tool 3 and the 
transducer contact pins 25 rotationally slide on electrode 
surface 4 of transducer 2. Alternatively, probe 8 can be 
35 rotationally fixed in the drive shaft so as not to rotate 

relative to fastener 1 and transducer 2. A rotating optical 
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and electrical connection can then be provided at the other 
end of probe 8, which is in turn connected to bar code 
reader 6 and electronic control 7. 

Also, in the above-described examples of the 
present invention, the electrical conductors 21, 26 of 
probe 8 are described as metallic tubes. Alternatively, 
these conductors can be flexible coaxial conductors, such 
as small diameter long extension springs, or conventional 
wires wrapped around or running adjacent to the fiber optic 
imaging cable to produce a flexible probe for use in tools 
used with universal joints, for example. 

Yet another embodiment of the present invention, 
using a flexible probe as an inspection probe, is shown 
in FIG 12. Inspection probe 50 has fiber optic imaging 
cable 51 and two flexible conductors 52, 53. During 
inspection, spring biased sheath 54 is held against the 
fastener, providing the return contact from the bolt, 
enabling probe 50 to function in the same way as the 
above-described probe 8 of FIG 2. Inspection probe 50 
enables fastener identification and inspection load 
measurements to be made on preinstalled fasteners with 
restricted access. 

It will be appreciated by one skilled in the art 
that the above-described systems for both reading an optical 
identification mark, such as a bar code, on a fastener and 
making ultrasonic load measurements in the fastener using 
a single probe during fastener installation is applicable 
to all types of tools including air and electric tools, 
automated and portable tools, impact wrenches, impulse 
tools and continuous tightening tools, and non- tightening 
fastener load inspection equipment. Examples of probes of 
the present invention used with such tools are shown in 
fig's 13 and 14. FIG 13 shows a probe of the present 
invention incorporated in a tool with a right angle gear 
head. FIG 14 shows a probe of the present invention 
incorporated in a tool with an offset gearbox. 



wo 2007/139834 



PCT/US2007/012302 



Accordingly, it is to be understood that 
various changes in the details, materials, components and 
arrangement of parts which have been herein described and 
illustrated in order to explain the nature of this invention 
5 may be made by those skilled in the art within the principle 
and scope of the invention as expressed in the following 
claims . 
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What is claimed is : 

1- An apparatus for. use with a fastener having 
an ultrasonic transducer coupled with the fastener and an 
optical identification mark coupled with the ultrasonic 
transducer., for reading the optical identification mark on 
the fastener and for making ultrasonic load measurements in 
the fastener using the ultrasonic transducer, the apparatus 
comprising: 

a probe including a fiber optic imaging cable and 
at least one electrical conductor coupled with the fiber 
optic imaging cable, wherein the fiber optic imaging cable 
is optically coupled to an imaging device for reading the 
optical identification mark, and wherein the electrical 
conductor provides an electrical connection between the 
ultrasonic transducer and equipment for measuring load in 
the fastener. 

2. The apparatus of claim 1 wherein the fastener ' 

is a threaded fastener- 
s' The apparatus of claim 2 wherein the 

ultrasonic transducer is permanently coupled with the 

fastener . 

4. The apparatus of claim 2 wherein the 
ultrasonic transducer is removably coupled with the 
fastener. 

5. The apparatus of claim 1 wherein a single 
probe includes the fiber optic imaging cable and the 
electrical conductor . 
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6. The apparatus of claim 1 wherein the fiber 
optic imaging cable is coaxially located in a metallic tube 
surrounding the fiber optic imaging cable. 

7. The apparatus of claim ^ wherein the fiber 
optic imaging cable is coaxially located in a coiled wire 
wrapped around the fiber optic imaging cable. 

8. The apparatus of claim 7 wherein the coiled 
wire wrapped around the fiber optic imaging cable is a 
spring . 

9. The apparatus of claim 1 wherein the fiber 
optic imaging cable is coupled with a wire running adjacent 
to the fiber optic imaging cable. 

10. The apparatus of claim 1 wherein the 
electrical connection between the ultrasonic transducer and 
the equipment for measuring load in the fastener is a spring 
biased pin. 

1 1 . The apparatus of claim 1 0 wherein the 
electrical connection includes a plurality of spring biased 
pins . 

12- The apparatus of claim 10 which further 
includes a spring contact for electrically connecting the 
probe with the fastener. 

13- The apparatus of claim 1 which further 
includes a second electrical conductor coupled with the 
fiber optic imaging cable. 

14. The apparatus of claim 13 wherein the second 
electrical conductor is coaxial with the fiber optic imaging 
cable. 
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15- The apparatus of claim 1 wherein the probe 
further includes a spring biased sheath for engaging the 
fastener to establish a second electrical connection with 
the fastener. 

16. The apparatus of claim 1 wherein the optical 
identification mark is a bar code. 

17- The apparatus of claim 16 wherein the imaging 
device for reading the optical identification mark is a bar 
code reader. 

18. The apparatus of claim 1 which further 
includes a light source for illuminating the optical 
identification mark. 

19. The apparatus of claim 18 wherein the 
light source is coupled with the probe for indirect 
illumination of the optical identification mark- 

20. The apparatus of claim 19 wherein the light 
source further includes a conical reflector coupled with the 
light source. 

21 . The apparatus of claim 20 which further 
includes an outer cylindrical surface coupled with the 
conical reflector for directing light onto the optical 
identification mark. 

22. The apparatus of claim 19 wherein the light 
source further includes an outer cylindrical surface coupled 
with the light source for directing light onto the optical 
identification mark. 

23. The apparatus of claim 18 wherein the light 
source further includes a lens coupled with the probe for 
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illuminating the optical identification mark. 

24. The apparatus of claim 18 wherein the light 
source is located remotely from the probe. 

25. The apparatus of claim 24 wherein the probe 
includes illuminating fibers coupled with the fiber optic 
imaging cable for directing light from the light source to 
the optical identification mark. 

26. ' The apparatus of claim 18 wherein the light 
source is a light emitting diode coupled with an end of the 
probe adjacent to the ultrasonic transducer. 

27. The apparatus of claim 26 wherein the light 
source is an array of light emitting diodes coupled with the 
end of the probe adjacent to the ultrasonic transducer. 

28- The apparatus of claim 27 wherein the array 
of light emitting diodes includes a parallel combination of 
a plurality of forward connected light emitting diodes and a 
plurality of reverse connected light emitting diodes, and 
wherein the parallel combination of diodes is connected in 
series with the electrical conductor and the ultrasonic 
transducer. 

29. The apparatus of claim 28 which further 
includes a capacitor coupled in parallel with the parallel 
combination of diodes, for coupling electrical signals 
between the ultrasonic transducer and the electrical 
conductor. 

30. The apparatus of claim 29 which further 
includes a matching resistor coupling the parallel 
combination of diodes with the ultrasonic transducer. 
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31. The apparatus of claim 29 wherein the probe 
further includes a pair of electrical conductors forming a 
two-conductor probe. 

32. The apparatus of claim 27 wherein the array 
of light emitting diodes includes a parallel combination of 
a plurality of forward connected light emitting diodes and a 
plurality of reverse connected light emitting diodes, and 
wherein the parallel combination of diodes is connected in 
parallel with the electrical conductor and the ultrasonic 
transducer. 



33. The apparatus of claim 32 which further 
includes a matching resistor coupling the parallel 
combination of diodes with the ultrasonic transducer. 

34- The apparatus of claim 32 wherein the probe 
further includes a pair of electrical conductors forming a 
two-conductor probe. 



35. The apparatus of claim 1 wherein the probe 
is coupled with the imaging device and the equipment for 
measuring load in the fastener, for inspecting a load in 
a preinstalled fastener. 



36. The apparatus of claim 1 wherein the probe 
is coupled with an assembly tool for installing the 
fastener. 



37. The apparatus of claim 36 wherein the probe 
is fixed to the assembly tool so as not to rotate relative 
to the assembly tool, and which includes contact pins for 
rotationally sliding on surface portions of the ultrasonic 
transducer. 



38- The apparatus of claim 36 wherein the 
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assembly tool has a drive shaft, and wherein the probe is 
rotationally fixed on the drive shaft so as not to rotate 
relative to the fastener, anS wherein the probe includes a 
rotating optical and electrical connection for communicating 
with the optical identification mark and the ultrasonic 
transducer . 

39. A method for reading an optical 
identification mark on a fastener having an ultrasonic 
transducer coupled with the fastener, and for making 
ultrasonic load measurements in the fastener, wherein the 
optical identification mark is coupled with the ultrasonic 
transducer, and wherein the method comprises the steps of: 

applying a probe to the fastener, wherein the 
probe includes a fiber optic imaging cable and at least one 
electrical conductor coupled with the fiber optic imaging 
cable; 

optically coupling the optical identification 
mark on the fastener with an imaging device for reading the 
optical identification mark, using the fiber optic imaging 
cable; and 

electrically connecting the ultrasonic transducer 
with equipment for measuring load in the fastener, using the 
electrical conductor . 

40. The method of claim 39 wherein the fastener 
is a threaded fastener. 

41 . The method of claim 40 which further includes 
the step of permanently coupling the ultrasonic transducer 
with the fastener- 

42. The method of claim 40 which further includes 
the step of removably coupling the ultrasonic transducer 
with the fastener. 
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43* The method of claim 39 which further includes 
the step of simultaneously optically coupling the fiber 
optic imaging cable with the optical identification mark, 
and electrically connecting the electrical conductor with 
the ultrasonic transducer. 

44. The method of claim 39 which further includes 
the step of engaging the fastener with a spring biased 
sheath associated with the probe to establish a second 
electrical connection with the fastener. 

45. The method of claim 39 wherein the optical 
identification mark is a bar code, and which further 
includes the step of reading the bar code with a bar 
code reader coupled with the fiber optic imaging cable. 

46. The method of claim 39 which further includes 
the step of illuminating the optical identification mark 
with a light source. 

47. The method of claim 46 which further includes 
the step of indirectly illuminating the optical identification 
mark with a light source coupled with the probe. 

48. The method of claim 46 which further includes 
the step of coupling a light emitting diode with an end of 
the probe adjacent to the ultrasonic transducer, for 
illuminating the optical identification mark. 

49. The method of claim 46 which further includes 
the step of illuminating the optical identification mark 
with a light source located remotely from the probe. 

50. The method of claim 39 which further includes 
the step of inspecting a load in a preinstalled fastener, 
using the probe, by coupling the probe with the fastener and 
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by communicating with the imaging device and the equipment 
for measuring load in the fastener . 

51 . The method of claim 39 which further includes 
the step of installing the fastener, using an assembly 
tool, while coupling the probe with the fastener and by 
communicating with the imaging device and the equipment for 
measuring load in the fastener. 

52- The method of claim 51 which further includes 
the step of fixing the probe to the assembly tool so as not 
to rotate relative to the assembly tool, and rotationally 
sliding contact pins associated with the probe on surface 
portions of the ultrasonic transducer. 

53. The method of claim 51 wherein the assembly 
tool has a drive shaft, and wherein the method further 
includes the step of rotationally fixing the probe on the 
drive shaft so as not to rotate relative to the fastener, 
and communicating with the optical identification mark and 
the ultrasonic transducer using a rotating optical and 
electrical connection associated with the probe. 
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